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hampered	 dopamine	 level	 in	 the	 corticobasal	 ganglia‐thalamocor‐
tical	 loop	 caused	by	dopaminergic	 neuronal	 loss	 at	 the	 substantia	

















2  | MATERIAL S AND METHODS
2.1 | Subjects
A	 total	 of	 10	 idiopathic	 PD	 patients	 (5	 men	 and	 5	 women),	 aged	







seizure	 contradicting	 the	 use	 of	 tDCS;	 (d)	 patients	who	 could	 not	
tolerate	 being	 withdrawn	 from	 antiparkinsonian	 medications	 for	
12	hours;	(e)	patients	with	concomitant	dementia	with	Mini‐Mental	
State	Examination	(MMSE)	score	less	than	26	of	30.	The	study	was	
approved	 by	 the	 Ethics	 Committee	 of	 the	 Shin‐Kong	 Wu	 Ho‐Su	
Memorial	Hospital,	and	all	subjects	gave	their	informed	consent.
2.2 | Study design and experimental protocol
Ten	 PD	 subjects	 attended	 2	 sessions	 during	 which	 either	 anodal	
tDCS	or	a	sham	intervention	was	applied	to	the	left	prefrontal	cor‐
tex	 (Figure	1).	The	sessions	 in	each	subject	were	at	 least	2	weeks	
apart	for	a	sufficient	washout	period.	The	stimulation	order	(tDCS/
Sham)	was	counterbalanced	across	both	sessions	and	blinded	to	the	
subject	 and	 clinical	 rater‐minimize	 potential	 biases.	 All	 subjects	
were	 requested	 to	 hold	 their	 antiparkinsonian	 medications	 for	
approximately	12	hours	prior	 to	 the	 study.	The	experiments	were	
conducted	in	the	morning	in	order	to	minimize	fluctuations	in	circa‐
dian	rhythm.	During	tDCS/sham	intervention,	we	tested	two	cogni‐
tive	 domains	 including	 (a)	 a	 visual	working	memory	 task	 and	 (b)	 a	
go/no‐go	test	to	assess	attention	and	response	inhibition	(Figure	2).
2.3 | tDCS
A	 battery‐operated	 constant‐current	 DC‐Stimulator	 Plus	
(NeuroConn.	Ilmenau,	Germany)	delivered	a	direct	current	of	2	mA	
via	 a	 saline‐soaked	pair	of	 sponge	electrodes	measuring	5	×	7	 cm	
(35	cm2)	to	maximize	the	stimulation	at	the	left	DLPFC,	the	anode	
electrode	was	placed	over	F3	according	to	the	10—20	international	
system,	whereas	 the	 cathode	electrode	at	 the	 contralateral	 (right)	
supraorbital	area.	Previous	studies	in	healthy	controls	demonstrated	
improvement	 in	 cognitive	 performance	 with	 online	 anodal	 tDCS	





F I G U R E  1  Flow	diagram	of	the	trial
     |  3LAU et AL.
































Each	 trial	 began	 with	 a	 central	 fixation	 cross	 that	 appeared	 for	
500	ms,	followed	by	a	randomly	assigned	cue	(one	of	the	five	expres‐
sions,	eg	“Happy”)	presented	for	1000	ms,	as	the	Go	stimulus	such	that	







At	baseline,	 the	motor	part	of	 the	UPDRS	was	used	 to	assess	 the	




F I G U R E  2  The	protocol	timeline.	
DLPFC,	dorsolateral	prefrontal	cortex;	
VWM,	visual	working	memory











Statistical	 analyses	 were	 performed	 on	 IBM®	 SPSS®	 (version	 21),	
and	the	level	of	significance	was	set	at	P < .05.
3  | RESULTS
Table	 1	 summarizes	 the	 demographic	 and	 clinical	 features	 of	 our	
patients.	All	patients	were	moderately	 to	 severely	affected	by	PD	
with	 mean	 Hoehn	 &	 Yahr	 scale	 of	 2.15	 ±	 0.3.	 All	 completed	 the	
study	without	any	adverse	effects	with	 intervention	 (anodal	 tDCS	
























4.1 | Effects of a single‐session tDCS on visual 










specifically,	 in	 an	 elderly	 cohort	with	 nondemented	 PD.	We	were	
unable	to	replicate	the	findings	of	Boggio	et	al7	who	showed	signifi‐
cant	improvement	of	working	memory	with	left	DLPFC	tDCS,	raising	
questions	 about	 the	efficacy	of	 single‐session	excitatory	 tDCS	on	
enhancing	working	memory	in	PD	patients.
Nevertheless,	 there	 are	 some	methodological	 issues	 that	 may	
worth	mentioning.	First,	Boggio	et	al7	utilized	a	crossover	design	with	
memory	assessment	as	the	only	behavioral	task	during	(online)	tDCS	











Third,	 for	 working	 memory	 assessment,	 the	 previous	 study	
utilized	 a	 three‐back	 task,	whereas	we	used	 a	 visual	 change	de‐
tection	task.	Recent	studies	revealed	that	visual	working	memory	
deficits	 in	PD	may	be	related	to	diminished	storage	capacity	and	
TA B L E  1  Clinical	and	demographic	features
 Frequency/mean ± SD Ranges














     |  5LAU et AL.
impairment	 in	 filtering	 irrelevant	 information.16,17	Tseng	and	col‐
leagues	showed	improved	visual	change	detection	in	low‐perform‐
ing	healthy	subjects	by	applying	anodal	 tDCS	over	 the	posterior	







the	 verbal	 domain	 of	working	memory	 and	were	 able	 to	 induce	
improvement.22	Interestingly,	neuroimaging	studies	reported	that	




Fourth,	 our	 study	 cohort	 showed	 comparable	 mean	 age	
(62.7	±	6.6	vs	59.2	±	9.9	years)	and	Hoehn	and	Yahr	scale	(2.15	±	0.3	
vs	 2.3	 ±	 0.9)	 with	 that	 of	 Boggio.7	 Although	 both	 cohorts	 were	
nondemented	 PD	 subjects	 with	 similar	 age	 and	 stage	 of	 disease,	






neither	 low	nor	high	performers	had	 significantly	different	 results	
between	tDCS	and	sham	interventions.
Taken	 together,	 our	 results	 did	 not	 support	 the	 findings	 of	
Boggio	 et	 al7	 and	 suggested	 that	 a	 single	 session	 of	 anodal	 tDCS	
may	be	insufficient	to	exert	robust	effect	on	working	memory	in	PD.	
Current	 understanding	 of	 tDCS	 mechanisms	 proposes	 that	 acute	
modulation	 of	 neuronal	 resting	membrane	 potential	 of	 the	motor	
cortex	via	a	polarity‐specific	manner	may	underpin	the	acute	effect	
of	 tDCS,	whereby	anodal	 and	cathodal	 stimulation	promotes	neu‐





Repeated	 tDCS	 sessions,	 ideally	 combining	with	 cognitive	 training	
as	a	learning	process,	may	be	necessary	to	achieve	robust	cognitive	
improvement.




executive	 function	 is	 the	 ability	 to	 inhibit	 prepotent	 responses.27 
Deficit	in	response	inhibition,	causing	motor	and	behavioral	impul‐












go/no‐go	 task	which	has	been	widely	used	 to	 test	 emotional	 pro‐
cessing	 in	both	healthy	 subjects	and	patients	with	affective	disor‐
ders.34	This	modified	version	of	 the	 task	 showing	emotional	 faces	
may	be	considered	as	an	affective	set‐shifting	task,	simulating	real‐
life	behavioral	response	toward	recognizing	emotions	from	faces.33 
Thus,	emotional	go/no‐go	 task	offers	 the	advantage	of	 simultane‐






crease	the	number	of	correct	 responses	of	 the	task	 in	patients	with	






TA B L E  2  Results	of	cognitive	and	motor	performance	with	anodal	tDCS	and	sham	stimulation
  
Anodal tDCS Sham
P‐valueMedian Mean ± SD Median Mean ± SD
VWM	(d′)  1.86 1.92	±	0.28 1.96 1.99	±	0.4 .80
Go/no‐go	test RT,	ms 548.02 554.60	±	60.83 561.99 553.27	±	42.27 .87
Go	trials Correct	hit	rate,	% 88.44 81.81	±	15.67 88.44 81.59	±	15.36 .78
No‐go	trials False‐alarm	rate,	% 9.38% 12.13	±	5.75 13.13% 10.75	±	8.11 .51
Note: P	values	were	obtained	by	nonparametric	Wilcoxon	signed‐rank	test.
Abbreviations:	D′:	d‐prime;	RT:	reaction	time;	SD:	standard	deviation;	VWM:	visual	working	memory.
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